Objectives: Because audiometric evaluation, symptom histories, questionnaires, and similar standard assessment tools may not adequately sample the effects of chronic tinnitus on day-to-day activities, there is a need for alternative methodological approaches to study the impact of tinnitus on day-to-day life. An innovative methodological approach that has shown great promise in the study of chronic health problems characterized by reported temporal and/or situational variability in symptoms and distress is known as ecological momentary assessment (EMA). EMA involves the real-time measurement of states, situational factors, and symptoms by individuals as they go about their day-to-day activities. The objective of this pilot investigation was to explore the feasibility of using EMA methods to examine within-and between-day effects of tinnitus.
InTRODUcTIOn
Tinnitus is self-generated ear and/or head noise that is experienced by 10 to 15% of the adult population ( Hoffman & Reed 2004) . For most of these individuals, the tinnitus is chronic, and their awareness of its presence generally increases in quiet environments. Fortunately, about 80% of people who experience tinnitus are not particularly bothered by it (Jastreboff & Hazell 1998; Davis & Refaie 2000; Henry et al. 2008) . For the remaining 20%, however, the tinnitus is "clinically significant," i.e., it causes functional impairment to such a degree that clinical intervention is warranted (Henry et al. 2010) .
Numerous methods have been developed to provide therapy for tinnitus. The literature and the internet are rife with approaches to mitigate, alleviate, relieve, manage, treat, and even "cure" tinnitus. The great majority of these methods are not supported by rigorous scientific research. Occasionally, medical management is helpful for tinnitus (Wackym & Friedland 2004) . Surgery, rarely an option, may be appropriate for somatically induced tinnitus (Levine 2004) . Although there is no drug for tinnitus, drugs often are used to treat associated mental health conditions such as depression and anxiety (Dobie 2004a) . Research is ongoing to find a cure for tinnitus but achieving this goal may be many years away. Thus, claims that treatment can quiet or eliminate tinnitus are unwarranted. For these reasons, most interventions focus on reducing reactions to tinnitus rather than attempting to mitigate the sensation (Dobie 2004b) . These interventions generally involve some combination of education, stress reduction, and use of therapeutic sound (Henry et al. 2010) . Empirically supported behavioral interventions include cognitive-behavioral therapy (Martinez Devesa et al. 2007) , neuromonics tinnitus treatment (Davis et al. 2007) , progressive tinnitus management (Henry et al. 2010) , tinnitus masking (Vernon & Meikle 2000) , tinnitus retraining therapy (Jastreboff & Hazell 2004) , and the use of hearing aids ( Searchfield et al. 2010) .
Difficulty in the assessment and further development of behavioral interventions for tinnitus stems from the limitations of techniques used to evaluate these interventions. It is well known that psychoacoustic measures of tinnitus sensation (loudness, pitch, and timbre) generally are unrelated to the impact of tinnitus on the individual Jakes et al. 1985; Henry & Meikle 2000) . For this reason, psychoacoustic testing to characterize these parameters usually is not helpful for diagnostic purposes, for guiding intervention, or for assessing outcomes of intervention (Henry et al. 2010) .
Self-report measures (questionnaires) are relied upon to assess outcomes of intervention. We have previously described limitations of tinnitus questionnaires (Henry et al. 2005) . Briefly, most of these questionnaires provide an index score to quantify the impact of tinnitus on the patient's everyday activities. Although an index score assists in establishing the need for intervention, it can over-or underestimate tinnitus severity. An examiner cannot rely solely on an index score to make an objective, clinical severity judgment. In addition, it is difficult to accurately identify and quantify each patient's tinnitus-associated problems, primarily because (a) effects of tinnitus on an individual are often multidimensional and (b) a limited set of questions is inherently weighted to addressing certain issues (which may or may not be relevant to an individual patient).
These kinds of problems with retrospective self-report measures are not unique to tinnitus. Collecting accurate and detailed self-reports for any chronic condition is challenging for a number of reasons . The primary challenge is memory distortions that affect recall of past experiences. A large body of evidence (Erskine et al. 1990; Schwarz & Sudman 1994; Stone et al. 2000; Gorin & Stone 2004 ) has shown that recalled information is subject to numerous biases, including the following. (a) A patient's current circumstances affect interpretations of previous circumstances. (b) Recall is more of a mental "reconstruction" process rather than one of "retrieval." (c) Summarizing the nature or severity of a condition can give undue weight to experiences that are more salient or more recent. (d) The recall environment, such as a research setting, can influence the responses.
A methodological approach has been developed to minimize recall biases that are inherent with traditional questionnaires that assess experiences and feelings retrospectively. These new methods involve reports of immediate experience, which are referred to as experience sampling or momentary assessments (reporting feelings or experiences at the moment) . The approach, referred to broadly as ecological momentary assessment (EMA), circumvents the recall biases listed earlier because participants are asked about immediate experiences in their natural environment. EMA can involve random-or fixed-time sampling of experiences, events, circumstances, behaviors, and physiological measures. Most commonly, patients provide responses multiple times every day for a week or more.
Because of the weaknesses and limitations inherent in the use of questionnaires that retrospectively assess the effects of tinnitus, we designed and conducted a study that utilized EMA methodology with individuals who complained of bothersome tinnitus. This was a pilot study intended specifically to determine the feasibility of conducting momentary assessments with this target population and to compare momentary assessments with a traditional tinnitus questionnaire administered before and after the use of EMA.
The primary aims of the study were to (a) design an assessment battery for the study of reactions to tinnitus which can be used in a real-time situational context via EMA methodology; (b) refine the assessment battery by conducting focus groups with individuals experiencing bothersome tinnitus who would provide qualitative data regarding potential problematic issues surrounding EMA assessment, such as discomfort, embarrassment, or difficulties with use; and (c) assess the feasibility of using this EMA battery among individuals with bothersome tinnitus. The EMA battery was designed to obtain ratings of temporal and situational variability and to obtain index scores from a validated tinnitus outcomes instrument. A further aim was to determine the variability of these repeated index scores and to compare those scores with scores obtained using the traditional retrospective method.
MATERIALs AnD METhODs
This study was conducted in three phases over a 2-yr period. Phase 1 involved the identification of an appropriate personal digital assistant (PDA) to implement EMA for the stated purpose, development of an EMA assessment battery, selection of an assessment schedule, and initial PDA programming. For Phase 2, focus groups were conducted as a forum for the further development and refinement of the momentary assessment protocol. Phase 3 involved active data gathering.
The Institutional Review Boards of the Portland Veterans Affairs Medical Center (PVAMC) and Oregon Health & Science University approved this study. Signed informed consent was obtained from each candidate in Phases 2 and 3 before enrollment in the study.
Phase 1
Device selection • Various PDAs were evaluated to determine the one that would be most suitable for this project. The PDA selected was a Palm Pilot Model Tungsten (Palm, Inc., Sunnyvale, California) that runs a program called CERTAS®, developed by Personal Improvement Computer Systems, Inc. (Reston, VA). CERTAS® is a self-monitoring program that facilitates the design and implementation of remote, electronic data collection protocols. The program is flexible to accommodate various research applications and allows data collection questionnaires to be developed according to user requirements. A total of 14 PDAs were purchased. Development of sampling Protocol • "Sampling" refers to momentary assessments that are repeated both within and across days. Each sampling occasion was initiated by production of an audible "alert" from the PDA. Development of the sampling protocol for this study involved determining the number of survey items for each alert; whether responses would reflect conditions at the moment of alert or since the previous survey; the content and format of each item; and the sampling schedule.
It is essential that each sampling occasion be no more than 1 to 3 min to minimize the burden of responding and to maximize compliance . It was determined that the number of survey items for each occasion should be 20 or less to meet this requirement.
EMA data can be obtained either with respect to the immediate experience or as the recollection of experiences since the last sampling point. There are advantages and disadvantages to each strategy (Beal & Weiss 2003) . While sampling the immediate experience eliminates recall bias, it potentially misses experiences the survey is intended to capture. On the other hand, asking participants to respond with respect to the interval of time since the last sampling point introduces memory biases and adds significant complexity to the response task. For this study, it was determined that surveying the immediate experience would provide the most objective data for analysis. Hence, after an alert, the first screen on the PDA instructed participants to respond to the questions about their experiences at that moment. Individual questions were worded similarly.
The survey items needed to obtain information sufficient to determine whether and how the tinnitus was a problem, and the relevant circumstances at the time of assessment. Most importantly, it was essential to determine the effects of tinnitus at the time of each momentary survey. An appropriate tool had already been developed, which was adapted for this purpose. The 10-item screening version of the Tinnitus Handicap Inventory (THI-S) has been psychometrically validated for test-retest reliability and for measuring activity limitation and participation restriction as a result of tinnitus ( Newman et al. 2008) . The THI-S contains a subset of questions from the full 25-item version of the THI (Newman et al 1996 (Newman et al , 1998 , and the two versions have been shown to have high comparability. Both versions use the identical scoring method, i.e., a response of "yes" is assigned 4 points, "sometimes" is assigned 2 points, and "no" is assigned 0 points. The THI-S index score thus can range from 0 to 40 points, with higher scores representing greater self-perceived activity limitation and participation restriction as a result of tinnitus.
In addition to the 10 THI-S questions, 9 questions were included for participants to report on their immediate context in terms of what they were doing and their perception of their tinnitus, environmental sounds, and mood (see Table 1 for the 9 questions and their response choices). Participants who reported not hearing their tinnitus at that moment were not asked to rate perceived tinnitus loudness (achieved via branching capabilities of the software program). They were, however, asked all of the other questions.
Decisions were made regarding the number of alerts per day (sampling density) and the schedule of survey administration. The sampling density needed to be sufficient to capture daily fluctuations in the tinnitus experience without imposing a burdensome response schedule. Previous studies using EMA generally have used between four and eight alerts per day (Beal & Weiss 2003) . With respect to tinnitus, a variable that could affect momentary responses was fluctuations in the tinnitus percept (including loudness, pitch, timbre, and localization). Although some patients experience daily fluctuations in their tinnitus percept, the majority report that their tinnitus is essentially stable within and across days (Meikle et al. 1987; Stouffer & Tyler 1990) . It therefore was not necessary to impose a high sampling density to capture variations in responses that could be a result of tinnitus fluctuations. It was expected that responses would be influenced primarily by situational circumstances (location, activity, and level of environmental sound) and mood factors-all of which can be highly variable and unpredictable in any population.
We determined that a minimum of four alerts would be appropriate for capturing a day's experience of tinnitus, given that we wanted to examine and characterize daily and weekly variation of tinnitus but did not want to overburden participants with an intensive alert schedule (e.g., every 15 min) . It is possible that an intensive alert schedule for patients with tinnitus might result in a poor compliance rate and/or create reactivity in which the patients become more aware of their tinnitus and report an increase in perceived tinnitus severity.
The PDAs were programmed to signal participants with audible alerts that occurred randomly within time periods determined by the sampling density and scheduling parameters. Each day had a 12-hr testing period (8 A.M. to 8 P.M.). Scheduling parameters were developed so that four alerts would be created daily within roughly equal but random periods of time. These parameters included the first alert occurring within the first 15 min of the 8 A.M. hour. Subsequent alerts were programmed to occur at least 150 min apart (but no more than 180 min apart). In addition, up to four reminder alerts (occurring every 5 min) were programmed, which resulted in participants having a 20 min window to respond to an initial alert. For most days, this sampling schedule resulted in four alerts. In some instances, the randomized nature of the alerts resulted in a fifth alert being generated. Last, it was determined that participants in Phase 3 would wear and respond to the device for 2 weeks, which was sufficient time to achieve the study objectives while minimizing the burden of responding. A 2 week time frame is commonly used with EMA studies (Stone et al. 2003) .
Phase 2
After the selection of devices and initial programming, the next step was to consult with members of the target population, i.e., to conduct focus groups (O'Brien 1993; Powell et al. 1996; Vogt et al. 2004) . "Focus groups generate qualitative data that can be used to both enrich and extend what is known about a concept and inform item development" (Vogt et al. 2004 , 7-point scale anchored by "softest sound" and "loudest sound" 6. How much of a problem is your tinnitus right now?
Not a problem A small problem A moderate problem A big problem A very big problem 7. How loud is your environment right now? 7-point scale anchored by "very quiet" and "very loud" 8. How happy or sad do you feel right now? 7-point scale anchored by "very happy" and "very sad" 9. How calm or anxious do you feel right now? 7-point scale anchored by "very calm" and "very anxious"
Responses to these questions were provided before completing the 10-item screening version of the Tinnitus Handicap Inventory. PDA, personal digital assistant. p. 233). Moderator-facilitated discussion was used to capture the full range of participants' experiences and opinions. Sessions were audio-recorded, and recordings were transcribed by the "coder" (research assistant) who was instructed in methodology to capture the most relevant and useful information (Krueger 1998) . Special attention was given to language and colloquialisms, which informed appropriate wording of item statements. Two independent focus groups were conducted, separated by approximately 1 mo. Focus group participants were recruited from a pool of individuals who had previously participated in tinnitus research conducted at the National Center for Rehabilitative Auditory Research (NCRAR). The first and second groups included five (mean age 5 62.40 yr; SD 4.28) and four (mean age 5 51.0 yr; SD 8.76) participants, respectively. In group 1, four members (80%) were Veterans; in group 2, two (50%) were Veterans. All group members were male except for one female in the first group. Each focus group lasted approximately 120 min. JAH and JAI served as group co-facilitators with assistance from two research assistants. Group members received $15 for their participation.
The PDAs, which had received initial programming, were demonstrated to the participants. Feedback from the participants informed the final device programming (e.g., length of period that participants have to respond, vibratory versus audio alert, where and how they carry the device, and number of questions). Participants also helped with the selection of the case/holster that was used to wear the PDAs. Furthermore, the sampling density (i.e., four alerts per day) and daily schedule (i.e., 8 A.M. to 8 P.M.) were discussed with the participants. Overall, they were in agreement with the sampling density and time window proposed. EMA techniques can be a burden on participants because of the sheer number of responses they have to attend to. Therefore, every effort was made to accommodate the participants' suggestions within the context of the study goals.
Phase 3
In addition to contacting previous NCRAR research participants, recruitment flyers were posted at the PVAMC with instructions to call the study coordinator. The primary inclusion criterion was tinnitus that was at least moderately bothersome as indicated by a response of "moderate" or worse to the question "How much of a problem is your tinnitus?" Individuals who engaged in activities on a daily basis that made it difficult to respond to or hear alerts (e.g., nonstandard wake-sleep cycles; drove .2 hr per day) were excluded from the study.
The study protocol for each participant included (a) an orientation session, (b) momentary assessments during the EMA period, and (c) a post-EMA debriefing session. Participants were paid $100 plus an additional $1 per alert that resulted in complete responses. Orientation session • During the orientation session, participants were first consented and then they completed the 25-item THI (Newman et al. 1996 (Newman et al. , 1998 ) and a basic tinnitus characteristics questionnaire. The THI, one of the most commonly used tinnitus instruments, provides an index score (0-100, with higher scores reflecting greater perceived functional limitations as a result of tinnitus). After completing the questionnaires in the paper-and-pencil format, participants were shown the PDA (i.e., Palm Pilot Model Tungsten). Only study-relevant features of the PDA were explained (e.g., stylus pen, on/off button, silencing alarms, and charging the battery). In addition, the alert sound was demonstrated so that participants would be familiar with the sound and know what to expect. Participants were instructed on how to use the stylus pen and tap the buttons on the screen to select a response and move on to the next question. Next, participants completed an example questionnaire using the PDA and were encouraged to ask questions. The orientation period lasted approximately 30 min.
Twenty-four participants were enrolled. On average, the participants were 57.3 yr of age (SD 5 11.4; range 28-69 yr). They were predominantly military Veterans (83.3%) and males (91.7%). Half were married (50.0%), many retired (41.7%), and the majority had a high school or higher education (95.8%). One participant (4.2%) reported unilateral tinnitus, 19 (79.2%) reported bilateral tinnitus (including 3 participants who reported the perceived tinnitus location as "inside head"), and 4 (16.7%) reported "other" location. Of those who responded, 38.1% reported that the tinnitus sensation was one sound, 52.4% reported hearing two or more sounds, and 9.5% reported "unsure" as to the number of sounds. Table 2 provides further characteristics of the participants.
EMA Period • During the EMA period, each participant carried the PDA device for 2 weeks, which was programmed to obtain momentary assessments as described earlier. The EMA period began immediately after the orientation session and ended when participants returned for the debriefing session.
Debriefing session • After the EMA period, participants returned with the PDA for a debriefing session. In this stage, participants again completed the 25-item THI and answered questions as part of a debriefing interview. The interview questions were designed to elicit feedback regarding their general experience using the PDA and responding to the alerts. Participants were asked whether their feelings had changed regarding their perception of their tinnitus; whether the PDA interfered with their daily routine; reactions from other people; whether the alerts were easy or hard to hear; and their perception of total responses they completed and the reasons they might have missed alerts. In addition, participants were allowed to see their responses and comment on their level of compliance with the alert schedule.
Data Analysis • Descriptive analyses of the EMA data were conducted to determine the feasibility of conducting momentary assessments with this target population and to compare momentary assessments (THI-S index scores) with questionnaire scores (using the same subset of questions from THI) obtained before and after the use of EMA. Administering the THI before and after the use of EMA also enabled an analysis of potential reactivity effects. In addition, a graphical examination of the EMA data (THI-S index scores) was conducted to examine tinnitus severity chronologically across the study period for each participant. EMA data trends were analyzed by GG and EJT using the following criteria (see Fig. 1 ): (a) " Improving trend" characterized by an improvement in the scores (i.e., THI-S scores decreasing over the study period); (b) "Consistent trend" characterized by little variation in the scores (i.e., consistent THI-S scores over the study period); and (c) "Worsening trend" characterized by a decline in the scores (i.e., THI-S scores increasing over the study period).
REsULTs
Participants responded to questions using the PDA over a period that was intended to last 14 days. However, because of scheduling constraints, some participants responded to the PDA for approximately 14 days (mean 5 15.08, SD 5 1.47; range 5 12-16). The response rate for the participants was high. On average, on the basis of the responses within the 14-day period, participants responded to 90% of the alerts (mean 5 50.42, SD 5 4.00), yielding a total of 1210 responses.
Descriptive Analyses of PDA context Questions
Participants responded to questions regarding their immediate context, affect, and their tinnitus. On the basis of the total number of responses, the majority of responses indicated that participants were in their house or apartment (67.7%), somewhere else (15.4%), traveling (11.2%), or working outside the home (5.8%). In terms of what they were doing at the time the PDA alerted them, the participants reported other (38.5%), watching TV or computer (30.4%), physical activity (12.7%), eating a meal (11.7%), and working at a paid job (6.7%). Half of the participants were alone when they responded to the PDA (50.2%) or in a small group of one to two people (41.2%). Moreover, fewer participants were with many people (8.4%) when they responded to the alerts and even fewer were on the phone (0.3%).
In terms of affect, the average rating for "how happy or sad do you feel right now?" was 3.36 (SD 5 1.13) on a 7-point Likert scale (anchored by 1 5 "very happy" and 7 5 "very sad"). Overall, approximately 50% of the responses indicated participants feeling happy, about 36% reported a response between happy and sad (4 on the Likert scale), and about 14% reported feeling sad. Similarly, the average rating for "how calm or anxious do you feel right now?" was 3.32 (SD 5 1.29) on a 7-point Likert scale (anchored by 1 5 "very calm" and 7 5 "very anxious"). More than half reported feeling calm (54.5%), about one-third (29.0%) reported a response between calm and anxious (4 on the Likert scale), and fewer reported feeling anxious (16.5%) when the PDA alerted them.
Participants were asked whether they could hear their tinnitus at the moment of being alerted. On the basis of the total number of responses, the majority of the responses indicated that participants could hear their tinnitus at the moment they were questioned (97.0%). For those who responded "yes," a follow-up (branching) question asked how loud their tinnitus was at the moment using a 7-point Likert scale (anchored by 1 5 "softest sound" and 7 5 "loudest sound"; please note that during the orientation session, participants were instructed to respond to this question with respect to the "softest sound imaginable" and the "loudest sound imaginable"-because of space limitations of the PDA screen and the CERTAS program, these full anchors could not be displayed). Out of 1174 responses, the average rating for the loudness of the participants' tinnitus was 4.7 (SD 5 1.5). Approximately 57% of the responses indicated that the loudness of their tinnitus was greater than the midpoint between the softest and loudest sound. About 22% reported softest sound and 20% reported ratings between the softest and loudest sounds imaginable (4 on the Likert scale).
ThI-s Index scores
Self-perceived activity limitation and participation restriction as a result of tinnitus was assessed using the 10-item THI-S on the PDA. THI-S index scores can range between 0 and 40 with scores greater than 6 points indicating some degree of self-perceived limitation/restriction (Newman et al. 2008 ). All index scores were summed and divided by the number of total alerts (1210), creating a mean score for the entire study period of 17.0 (SD 5 9.9). A graphical examination of the data was conducted to examine tinnitus severity across the study period for each participant. Participants were grouped into quartiles based on the average THI-S score for the first day in the study (Fig. 2) . Generally, wide variation in self-perceived tinnitus activity limitation and participation restriction was Two of the coauthors (G. G. and E. J. T.) independently analyzed and rated each of the participants' trends in THI-S scores over time (Fig. 1) . These ratings for daily mean THI-S scores indicated that 54.2% of the participants were classified as "consistent trend," 25.0% as "improving trend," and 20.8% as "worsening trend." The inter-rater reliability for the raters was found to be k 5 0.86 (p , 0.001), indicating almost perfect agreement between the two raters.
ThI-s scores: PDA Versus Paper-and-Pencil
It was an objective of this study to compare THI-S index scores between those obtained on the PDA versus those obtained using paper-and-pencil during the orientation and debriefing sessions. Each participant's mean THI-S responses (obtained repeatedly during the 2-week EMA period) were compared with the average of the two paper-and-pencil scores. Because the full 25-item THI was completed at the orientation and debriefing sessions, only the subset of the 10 questions that comprised the THI-S was used in this analysis to enable the most valid comparison. For each participant, the analysis involved taking the average of the PDA scores and subtracting the average of the orientation and debriefing scores. A negative difference score meant that the paper-and-pencil format produced a higher score (indicating greater tinnitus severity) than the PDA format for that participant. If the difference was positive, then the PDA format resulted in a higher score than the paper-and-pencil format. Figure 3A shows the results of this analysis. It can be seen that many of the difference scores were close to zero, indicating close agreement between the two formats. Eleven participants showed differences less than 22. For these participants, the paper-and-pencil format overestimated tinnitus severity relative to the PDA scores. Only three participants had differences Fig. 1 . Graphical representations of repeated THI-S index scores reflecting three trends across the 2 week EMA sampling period. Improving trend is characterized by an improvement (reduction) in scores. Consistent trend is characterized by little to no directional variation in scores. Worsening trend is characterized by an increase in scores. Fig. 2 . Each trace represents the mean daily THI-S scores obtained from participants across 14 days of responding to EMA alerts. Each point for each day indicates the mean THI-S score derived from four individual THI-S scores (except days when fewer than four responses were provided). Participants are grouped into quartiles according to their average THI-S score from the first day. EMA 5 ecological momentary assessment; THI-S 5 Tinnitus Handicap Inventory-Screening.
greater than 12. For these participants, the paper-and-pencil format underestimated tinnitus severity relative to the PDA.
The multiple responses obtained with the PDA enabled further comparisons. Each participant had a range of THI-S index scores. For the previous analysis, we used the average across all of the PDA responses. It also was of interest to make similar comparisons using the minimum and maximum THI-S scores obtained with the PDA. Figures 3B and C, respectively, show the results of these analyses. When using the minimum THI-S score, Figure 3B shows that all of the difference scores were negative, indicating that every participant had at least one THI-S index score that was lower than the paper-and-pencil version. When using the maximum THI-S score, Figure 3C shows that most of the difference scores were positive, indicating that most participants had at least one THI-S index score that was higher than the paper-and-pencil version.
Responses by Time Block and Location
Two linear mixed models were fit to the THI-S scores to assess the effects of time of day and location on responses. Each model included random participant-level intercepts and day effects, allowing for overall variability in mean THI-S among participants, as well as serial correlation in mean THI-S across days of measurement (Fitzmaurice et al.2004) . Table 3 shows means and SDs from these analyses. Time of day was divided into four 3-hr time blocks: 8 A.M. to 11 A.M., 11 A.M. to 2 P.M., 2 P.M. to 5 P.M., and 5 P.M. to 8 P.M. The results of the time of day model indicate that THI-S scores did not vary by time of day, F(3, 1160) 5 0.29, p 5 0.83. The second analysis, testing the effects of physical location on mean THI-S, had a similar random effects structure with fixed-effect categories for physical location that included work, home, traveling, and somewhere else. The mean score for the THI-S (a) while traveling was 17.5 (N 5 135; SD 5 10.3); (b) while at their house or apartment was 17.4 (N 5 819; SD 5 10.0); (c) while somewhere else was 15.8 (N 5 186; SD 5 9.8); and (d) while at work was 15.1 (N 5 70; SD 5 7.7). Using a random coefficient model, an analysis of variance indicated a significant main effect for location: F(3, 1164) 5 4.06, p , 0.01. Contrasts indicated a significant (p , 0.01) effect for "somewhere else," resulting in a decrease of 0.99 THI-S score when compared with THI-S score at home. A significant (p , 0.05) effect was found for "traveling," resulting in a decrease of 0.77 THI-S score when compared with THI-S score "at home." THI-S scores for "work" were not significantly different when compared with THI-S score "at home."
Interrelationships Between PDA Responses
Correlations were conducted to examine relationships between the other PDA questions and THI-S scores (see Table 4 ). Questions that were examined as part of this analysis included "How loud is your tinnitus right now?" (question #5 in Table 1 ), "How much of a problem is your tinnitus right now?" (#6), "How loud is your environment right now"? (#7), "How happy or sad do you feel right now?" (#8), and "How calm or anxious do you feel right now?" (#9). Responses to each of these items were correlated with each other as well as with the THI-S. Pearson rs ranged from 20.03 to 0.87. Significant (p , 0.01) correlations were seen between THI-S and tinnitus loudness (r 5 0.57); THI-S and tinnitus problem (r 5 0.76); THI-S and calm-anxious; tinnitus loudness and tinnitus problem (r 5 0.77); and happy-sad and calm-anxious (r 5 0.87). Fig. 3 . These figures are based on difference scores calculated to reflect the correspondence between paper-and-pencil and PDA formats of obtaining THI-S scores. The height of each bar reflects the number of participants for each range of difference scores. These differences were calculated individually for each of the 24 participants by subtracting the average of the two THI-S scores obtained during the orientation and debriefing sessions from (A) the average of all of the THI-S scores obtained with the PDA over 14 days of EMA testing; (B) the minimum THI-S score obtained with the PDA; (C) the maximum THI-S score obtained with the PDA. THI-S 5 Tinnitus Handicap Inventory-Screening. PDA, personal digital assistant.
Reactivity Analysis
To determine whether the EMA intervention had an effect on the participants' self-perceived tinnitus activity limitation and participation restriction, the mean 25-item THI scores were compared between the pre-and post-EMA assessments. The mean THI score at the orientation session was 41.58 (SD 5 21.79), indicating "moderate handicap." A THI index score of 18 or more indicates some degree of self-perceived handicap (Newman et al. 1998 ). The mean THI score assessed during the debriefing session was 43.29 (SD 5 19.99), also indicating a "moderate handicap." A t test was conducted to determine whether THI scores from the orientation and debriefing sessions were significantly different. The difference in means was 1.71 units, which was not significant, t(23) 5 20.68, p 5 0.502, suggesting little, if any, reactivity.
Qualitative Data from Debriefing session
Individual interviews were conducted during the debriefing session to elicit feedback from participants regarding their general experience of using the PDA. More than 91.7% (22) of participants reported becoming more aware of their tinnitus as a result of being in the study. Only two participants reported no change. Most comments referred to becoming more aware of their tinnitus and how it impacted their lives. For example, one participant said, "It asked questions that brought me into awareness, emotional things that were disturbing to me but didn't know why. For me that's a plus, to understand myself." In addition, all participants were asked whether the change (i.e., increased awareness of their tinnitus) was positive or negative. Fifteen (68.2%) reported positive, three (12.5%) reported negative, three (12.5%) reported both, and one (4.5%) reported neither.
Twenty-two (91.7%) participants reported that responding to the PDA did not interfere with their daily routine. In terms of other people's reaction to them carrying and responding to a PDA, 17 (81%) reported that people did not change their behavior toward them. In most cases, the use of the PDA went unnoticed by other people. Four (19%) participants reported that other people changed their behaviors toward them. In these cases, positive interactions with other people regarding the use of a PDA in a study were discussed (e.g., PDA as a conversation piece, people's curiosity) as well as friends realizing that the participant had a serious hearing problem.
Furthermore, participants reported whether the PDA alerts were easy or hard to hear. Fourteen (58.3%) participants reported that the alerts were easy to hear, seven (29.2%) reported hard to hear, and three (12.5%) reported both easy and hard to hear. In these latter cases, participants described situational environment noise that affected their ability to hear the PDA alerts. For example, one participant said, "In my pocket, easy. On a nightstand or close to the TV, I would miss the first alert, it became harder to hear." Last, the participants had a good sense of the number of PDA alerts they completed throughout the study period. On average, they thought they had completed 89% (SD 5 8.90) of the PDA alerts, which is comparable with the actual response rate of 90% (mean 5 50.42, SD 5 4.00).
DIscUssIOn
Auditory problems can be episodic-due either to day-today variability in symptoms or because situations or experiences that pose a challenge to an individual may occur infrequently or only in particular settings. Thus, symptom histories and questionnaire and interview methods may not be well suited to discovering the impact of auditory disorders on daily life. EMA is a method that shows great promise in capturing what "really" happened in the course of day-to-day events, whereas appraisals provided by retrospective interviews or questionnaires provide a view through a lens tinted by an individual's ability to recall, summarize, and evaluate their experiences. This pilot study was designed to determine the feasibility of using EMA methodology with individuals who are bothered by chronic tinnitus.
A second arm of this study was to use the same methodology with individuals who were hearing aid users to determine the feasibility of EMA methodology to assess momentary hearing challenges with this population (Reference Note 1).
The use of EMA methods in populations that experience tinnitus problems is novel, and before conducting this pilot study, it seemed possible that there may be unforeseen and/or uncontrollable concerns with the use of EMA methods or PDA devices specifically. The debriefing sessions with participants revealed that technical problems, practical issues, ease of use, or discomfort and embarrassment were not concerns. These findings are consistent with studies that have shown that participation in EMA assessments has null effects on the behaviors under examination (e.g., Hufford et al. 2002) .
Another concern was the potential for a high proportion of missing data in the EMA records. Unlike paper-and-pencil methods, the rate of compliance with EMA devices is generally high-in a study of symptom report in chronic pain patients, only 6% of all records were missing versus 89% for patients using a standard paper-and-pencil method . Our participants revealed a 90% compliance rate. Furthermore, there was the concern of a high rate of loss or damage to the instruments provided to the participants. We urged research participants to handle the PDA devices with prudence, and in fact, none of the devices was lost or damaged.
The sampling density factors selected for this study were designed to optimize compliance. These factors included testing for 2 weeks, obtaining four samples per day, and limiting the survey to 19 questions. Total average time for participants to respond to the questions associated with a single alert was 1 min 20 sec (range: ,1 to 4 min), which was well within the recommended range . The high compliance rate among the participants suggests that EMA methodology can be used with this population. It of course is possible that increasing the sampling density would reduce compliance accordingly (Stone et al. 2003) . A logical next step would be to conduct a study with different sampling density groups and to compare compliance between groups.
Compliance was also optimized by the incentive structure for the study. In fact, it might be questioned whether the high compliance was a result of the payment amount. However, such incentives are very common in EMA studies. Reis and Gable (2000, p. 207) noted that "Incentives should be commensurate with workload: not so large as to attract freeloaders but not so small as to only attract research-eager volunteers." Stone and Shiffman (2002, p. 241) stated "Beyond assessing and recording compliance, investigators should do what they can to achieve high compliance. This often requires a combination of participant training, monitoring and feedback, incentives, and other procedures." Scollon et al. (2003) concurred with these other investigators, noting that a previous study (Stone et al. 1991) overpaid subjects, resulting in poor quality data. We consulted with an EMA expert to determine the payment schedule, which was designed to maximize compliance without degrading data quality.
An important concern addressed by this study was the potential for reactivity, i.e., whether performing the EMA protocol itself could lead to a heightened perception of tinnitus and consequent effects. To evaluate for reactivity, data were analyzed to determine whether THI scores were significantly different between the Phase 3 orientation and debriefing sessions. The difference in means was not significant, suggesting that responding to the PDA questions over the 2-wk period did not create reactivity for the participants in terms of their selfperceived tinnitus activity limitation and participation restriction. This lack of reactivity is consistent with EMA studies with individuals experiencing chronic pain (Cruise et al. 1996; Stone et al. 2003) . Although the EMA protocol did not result in reactivity, the majority of participants reported that using the PDA and responding to questions about their tinnitus increased their overall awareness of their auditory disorder. This increased awareness was rated mostly as a positive change. Hence, these participants experienced essentially no adverse effects as a result of performing the protocol.
We have presented both group data and individual data. Analysis of group data alone masks results that take place at the individual level. Appendices are provided showing all of the THI-S results for individual participants (see Supplemental Digital Content 1, Appendix A, http://links.lww.com/EANDH/ A51, and Supplemental Digital Content 2, Appendix B, http:// links.lww.com/EANDH/A52). The individual traces of THI-S results over time reveal that participants differed substantially in the variability of their responses. Rating these individual traces determined that the participants could be grouped in three categories with regard to the trend of their responses: improving, consistent, and worsening. In general, about half of the participants showed responses that were consistent over time, whereas about one-fourth showed improvement and one-fourth showed worsening. This distribution of trends is interesting and warrants further study to determine why individuals reveal different temporal patterns with respect to scores that describe the impact of their tinnitus.
We also presented data showing comparisons of THI-S index scores obtained with the PDA versus those obtained using paper-and-pencil before and after the EMA period. These comparisons showed that the paper-and-pencil (traditional) score was within 1 to 2 points of the PDA average of scores for |41.7% of the participants (Fig. 3A) . However, for 45.8%, the traditional method overestimated tinnitus severity compared with the PDA scores, whereas for 12.5%, the traditional method underestimated tinnitus severity compared with the PDA scores. These are not straightforward comparisons because of the high variability of the repeated scores obtained with the PDA. This high variability resulted in at least one PDA score that was lower than the traditional score for all of the participants (Fig.  3B ) and in at least one PDA score that was higher than the traditional score for most of the participants (Fig. 3C) . On the basis of these comparisons, it appears that administering a retrospective tinnitus questionnaire does a reasonable job of estimating the average life impact of tinnitus for many or most patients, but for a subset of patients, the questionnaire score over-or underestimates life impact. Furthermore, the variability in how tinnitus affects an individual over time is not captured with a retrospective questionnaire that relies on recall.
Potential Use of EMA to Assess Outcomes of Intervention for Tinnitus
The EMA protocol we have tested exemplifies how EMA can potentially be used to assess outcomes of tinnitus intervention studies. An important question in this regard is whether the fluctuations seen in the THI-S index score (see Supplemental Digital Content 1, Appendix A, http://links.lww.com/EANDH/ A51) represent actual changes in the degree of tinnitus impact versus normal test-retest variability of the measure.
The test-retest reliability of a questionnaire reflects the instrument's ability to provide equivalent scores when an individual completes the test multiple times-in the absence of any intervention that might be expected to affect the score. Normally, an instrument is administered to individuals on two occasions separated by about 2 weeks. The authors of the THI-S conducted such testing, with a mean of 16 days between the two administrations (Newman et al. 2008) . Results of their testing revealed a test-retest reliability coefficient of 0.81 for the THI-S, which according to the authors met the established statistical criteria (r . 0.80) (Newman et al. 2008, p. 279) for a test to be considered acceptable for clinical purposes (Nunnally 1978) . The authors further determined that a change of more than 10 points was necessary "to demonstrate a true change in global perceived tinnitus before and after clinical intervention" ( Newman et al. 2008, p. 280) .
Many tinnitus questionnaires require patients to provide responses reflecting a specified period of time leading up to the moment of assessment. In essence, patients are asked to average their experiences and feelings over a time period. With the THI-S, no such instructions are provided (Newman et al. 2008) , so patients can respond with respect to any time period they feel is appropriate. Participants in the present study completed the THI-S repeatedly during EMA testing and were instructed to respond to the questions with respect to the present moment. When responding in this manner, the index scores varied widely for most of the participants, as seen in Supplemental Digital Content 1, Appendix A, http://links.lww.com/ EANDH/A51. In fact, most of the participants provided scores over a range exceeding 10 points, which met the THI-S criteria for "true change in global perceived tinnitus" (Newman et al. 2008, p. 280) . Because these scores reflected the exact moment of testing, and because no intervention was provided, this variation can reasonably be assumed to indicate variation in tinnitus impact across the different times of testing.
Despite the large variability in individual scores, when these scores were averaged, they closely corresponded with the average scores obtained with the paper-and-pencil versions of the THI-S (i.e., from the 10 THI-S questions culled from the 25-item THI that was administered pre-and post-EMA). These results support the validity of EMA testing as an outcome measure to evaluate the variability in distress associated with tinnitus. Thus, for tinnitus intervention studies, EMA testing might provide an additional level of detail that could elucidate daily fluctuations in how patients are bothered by tinnitus. These results also have implications for clinical application, i.e., patients undergoing intervention for tinnitus could eventually be assessed using some type of an EMA protocol.
Limitations of the study
An inherent limitation with EMA in general is that each assessment must be completed in 3 min or less to minimize the burden of responding . Each assessment thus is limited with respect to the amount of information that can be obtained. Despite this limitation, each assessment needed to determine (a) tinnitus-relevant circumstances; (b) tinnitus characteristics; (c) emotional affect; and (d) an index score from a validated tinnitus questionnaire. Nine questions were developed to accomplish objectives (a), (b), and (c) ( Table 1) . For objective (d), we chose the THI-S (Newman et al. 2008) from numerous questionnaires having validated psychometric properties. The THI-S uses only 10 questions to generate an index score, in contrast with the 25 to 50 questions that are included in most of the other questionnaires (Newman & Sandridge 2004) .
A disadvantage of using the THI-S was its limited number of response items, which cannot adequately address the multiplicity of problems that can be associated with problematic tinnitus (Meikle & Taylor-Walsh 1984; Stouffer & Tyler 1990 ). Furthermore, it has been argued that the response format of the THI-S (as well as the THI) does not adequately discriminate between different levels of tinnitus impact (Tyler et al. 2007) . That is, the response choices of "yes," "sometimes," and "no" limit the instrument's ability to determine gradations of tinnitus severity that exist on a continuum. As recommended by Nunnally (1978) , a response scale of 7 to 11 levels may be optimal for maximum reliability when discriminating different severity levels. Despite these limitations, the THI-S is documented for psychometric adequacy and compares well with the full 25-item THI (Newman et al. 2008) .
We have mentioned that EMA responses can reflect either the moment of responding or the time period since the last momentary assessment. We opted to assess the immediate experience to ensure that responses were unaffected by recall bias and thus were as accurate as possible. A concern with this immediate-experience strategy is that sleep disturbance is one of the most common problems reported by patients with tinnitus (Tyler & Baker 1983; Axelsson & Ringdahl 1989) . Furthermore, patients who report sleep disturbance tend to be the most impacted by their tinnitus (Erlandsson et al. 1992; Folmer & Griest 2000) . Thus, any tinnitus assessment should include questions about sleep. The THI-S includes the question "Because of your tinnitus, do you have trouble falling asleep at night?" This question was asked with each momentary assessment but did not address whether sleep was disrupted by tinnitus the previous night. EMA has the capability of assessing problems both falling asleep and staying asleep during the previous night. As these problems are so commonly reported by patients with tinnitus, it is essential that further use of EMA to evaluate effects of tinnitus assessed upon awakening include questions that assess sleep disturbances caused by tinnitus during the previous night.
The convenience sample used in this study imposed limitations that should be mentioned. The participants were predominantly male Veterans. These Veterans tended to be older (in 50s and 60s) and only 25% of them were employed. This sample thus represented a group that may have been ideal for complying with the EMA protocol. Future studies should include equal numbers of women and men who are distributed across age decades. In addition, it would be important to determine age limits and other factors that would determine suitability for EMA testing. For example, children below a certain age would not be able to perform the task, and work and lifestyle factors would preclude testing during certain periods of time.
future Directions
Despite the study limitations, the positive findings suggest that it would be appropriate to conduct studies that further verify the use of EMA with individuals who experience bothersome tinnitus. The use of EMA methodology eventually could have application for routine assessment of patients who receive hearing health care services for tinnitus. The advantages of such an approach would be to obtain real-life measures of tinnitus distress and to determine within-and between-day variability in this distress and associated factors. Such information currently is not available from patients who seek tinnitus services. It seems likely that having this information would lead to more targeted interventions and improved outcomes.
Similarly, EMA protocols could be used to assess outcomes of hearing aid use and of auditory rehabilitation. Such assessments would provide intra-and interday data describing circumstances of use (and nonuse) of hearing aids, satisfaction/dissatisfaction with hearing aids, difficulties encountered, tools used, and any other information considered important to optimize the benefit of hearing aids and auditory rehabilitation. EMA protocols could be designed to perform standardized assessments or to obtain specific information to assist in identifying areas of difficulty for patients. This kind of detailed information collected in the patient's normal listening environment is currently not available to audiologists and could be of significant value for optimizing outcomes.
We anticipate that the technological underpinnings of portable computing devices will continue to converge with those of ear-level tinnitus devices and hearing aids (e.g., Bluetooth capability or real-time data storage; see Boothroyd et al. 2007) , thus it will soon be possible to integrate such therapeutic devices with assessment tools used in EMA. This could give us opportunities to observe simultaneous streams of objective data (e.g., measures of ambient noise, indicators of physiological stress) and subjective data (e.g., reports of listening effort or behaviors for modifying environmental conditions to improve communication). Such findings could dramatically improve understanding of real-life circumstances and facilitate the development and selection of rehabilitation interventions.
The availability of EMA technology has the potential to greatly advance hearing health care. Portable, pocket-sized electronic devices have become ubiquitous during the last decade with public use of MP3 players and cell phones now commonplace. The more recent proliferation of smartphones (cell phones with internet connectivity and programmability) has created the means to incorporate EMA into devices that are already in use by patients. It is thus envisioned that, in the future, patients complaining of hearing loss or tinnitus could download an application onto their smartphone supporting automatic administration of patient-guided momentary assessments. Results of these assessments would be made available to the audiologist at each clinical appointment, providing a complete and accurate description of the patient's auditory difficulties during their full course of treatment. Such a protocol would greatly improve on the normal clinical procedures of obtaining case history and patients completing questionnaires, changing hearing aid settings, and counseling individuals about communication strategies specific to their life style and listening situations.
